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S274  Carrizo-Brios-Antho  0.96 0 
S275  Rositas-Ripley-Indio-Gilman  0.23 0 
S276  Denure-Dateland  0.25 0 
S277  Glenbar-Gadsden-Brios  0.04 0 
S278  Sasco-Marana-Denure  0.10 0 
S279  Yahana-Indio-Gadsden  0.07 0 
S280  Pahaka-Mohall-Laveen-Denure  0.51 0 
S281  Momoli-Denure-Carrizo  0.69 0 
S282  Why-Wellton-Gunsight-Growler-Denure  0.45 0 
S283  Mohall-Denure-Coolidge  0.33 0 
S284  Mohall-Contine  0.13 0 
S285  Yahana-Shontik-Casa Grande  0.13 0 
S286  Tremant-Pinamt-Ebon  0.06 0 
S287  Suncity-Cipriano-Carefree  0.02 0 
S288  Rillito-Gunsight-Denure-Chuckawalla  0.51 0 
S289  Hyder-Coolidge-Cipriano-Cherioni  0.10 13 
S290  Ligurta-Gunsight-Cristobal  0.17 0 
S291  Pinamt-Gunsight-Cavelt  0.28 0 
S292  Pinamt-Momoli-Cipriano  0.52 0 
S293  Rock outcrop-Quilotosa-Momoli  1.00 30 
S294  Rock outcrop-Quilotosa-Hyder-Gachado  0.25 15 
S295  Schenco-Rock outcrop-Laposa  0.40 30 
S296  Laveen-Kamato-Casa Grande  0.07 0 
S297  Toltec-La Palma-Casa Grande  0.13 0 
S298  Mohall-Dateland-Casa Grande  0.12 0 
S299  Pahaka-Estrella-Antho  0.29 0 
S300  Valencia-Estrella-Cuerda  0.28 0 
S301  Superstition-Rositas  1.80 0 
S302  Guest-Glendale-Gila  0.03 0 
S303  Riveroad-Comoro-Arizo  0.21 0 
S305  Mohave-Guest-Continental  0.06 0 
S306  Tres Hermanos-Pajarito-Mohave  0.28 0 
S307  Sonoita-Hayhook-Continental  0.47 0 
S308  Sahuarita-Mohave-Cave  0.14 0 
S309  Cacique-Bucklebar-Alko  0.08 0 
S310  Stagecoach-Nahda-Delnorte-Agustin  0.27 0 
S311  Pinaleno-Eba  0.03 0 
S312  Nickel-Greyeagle-Continental  0.11 0 
S313  Pinaleno-Palos Verdes-Nickel  0.14 0 

S314  
Tumarion-Rock outcrop-Lehmans-House Mountain-
Akela  0.11 15 

S315  Rock outcrop-Luzena-Faraway  0.07 25 
S316  Rock outcrop-Lehmans-Gran  0.03 30 
S317  Rock outcrop-Lajitas-Delthorny-Anklam  0.16 25 
S318  Torriorthents-Rock outcrop  0.03 90 
S319  Tovar-Toqui-Deama  0.23 0 
S320  Santo Tomas-Pima-Comoro  0.26 0 
S321  Hondale-Gothard-Bluepoint  0.03 0 
S322  Sontag-Bonita  0.01 0 
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S323  Tubac-Forrest-Enzian-Diaspar  0.10 0 
S324  Winkel-Harrisburg-Cave  0.36 0 
S325  White House-Hathaway-Bernardino  0.08 0 
S326  Tombstone-Stronghold-Jerag  0.37 0 
S327  Torriorthents-Rock outcrop-Gypill  0.01 20 
S328  White House-Hathaway-Caralampi-Bernardino  0.05 0 
S329  Romero-Rock outcrop-Lampshire  0.32 31 
S330  Zukan-Rock outcrop-Goblin  0.25 10 
S331  Tanbark-Mellenthin-Calciorthids  0.10 0 
S332  Thunderbird-Collbran-Boquillas  0.01 0 
S333  Yumtheska-Natank-Disterheff  0.03 0 
S334  Sponiker-Rock outcrop-Cross  0.03 10 
S335  Rock outcrop-Mabray-Lemitar  0.21 15 
S336  Pennell-Bacobi  0.34 0 

S337  
Tours saline-Sodic-Riverwash-Jocity saline-Sodic-
Ives saline-Sodic-Burnswick  0.07 1 

S338  Marcou-Jocity saline-Sodic-Burnswick  0.09 1 
S339  Wepo-Polacca-Jocity-Jeddito  0.13 2 
S340  Sheppard sodic-Sheppard-Joraibi-Jocity  0.60 0 
S341  Torriorthents-Tewa-Sheppard-Jeddito  0.23 6 
S342  Rock outcrop-Moenkopie  0.29 50 
S343  Nakai-Monue-Blackston  0.51 0 
S344  Purgatory-Epikom-Claysprings-Badland  0.07 3 
S345  Sheppard-Nakai-Monue  0.31 2 
S346  Kinan-Hatknoll-Grieta  0.17 0 

S347  
Torriorthents-Sheppard-Pennell-Monue-Jocity-
Clayhole  0.12 0 

S348  Pennell-Pagina-Kinan  0.47 0 
S349  Mellenthin-Curhollow  0.32 0 
S350  Yumtheska-Showlow-Lozinta  0.16 0 
S351  Wayneco-Sazi-Rock outcrop-Rizno-Palma-Mespun  0.48 10 
S352  Winona-Tenderfoot-Curhollow  0.21 0 
S353  Rudd-Arches  0.43 0 
S354  Poley-Palma-Clovis  0.02 0 
S355  Winona-Tusayan-Boysag  0.28 0 
S356  Rock outcrop-Needle-Epikom  0.42 26 
S357  Sheppard-Palma-Hubert-Clovis  0.21 0 
S358  Strych-Monue-Bison  0.28 0 

S359  
Spenlo-Schmutz-Redbank family-Palma family-
Naplene-Lavate-Ildefonso family-Clovis family-Caval  0.25 0 

S360  Wupatki-Wukoki-Tuweep  0.16 0 
S361  Stagecoach-Hindu  0.40 0 
S362  Rock outcrop  0.19 80 
S363  Sheppard-Grieta  0.19 0 
S364  Ustic Torriorthents-Penistaja-Mido-Begay  0.21 7 
S365  Milkweed-Deama-Cabezon  0.21 0 
S366  Ubank-Cerrillos-Barx  0.11 5 
S367  Rock outcrop-Mellenthin-Leanto-Kech-Bisoodi  0.30 30 
S368  Nuffel-Kech-Barx  0.06 9 
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S369  Rock outcrop-Deama  0.40 42 
S370  Toqui-Topocoba-Deama  0.09 0 
S371  Ziegler-Wilaha-Showlow  0.03 0 
S372  Virgin Peak-Rock outcrop-Hualapai  0.01 15 
S373  Moano-Barkerville  0.86 0 
S374  Tortugas-Purner-Jacks  0.25 0 
S375  Thunderbird-Rock outcrop-Luzena  0.02 15 
S376  Typic Haplustalfs  0.25 0 
S377  Thunderbird-Springerville-Rudd-Cabezon  0.02 0 
S378  Whitlock-Continental-Cave  1.20 0 
S379  Springerville-Cabezon  0.02 0 
S380  Venezia-Thunderbird-Cabezon  0.02 0 
S381  Poley-Pastura-Partri-Lynx-Abra  0.05 0 
S382  Lynx-Lonti-Balon  0.03 0 
S383  Zyme-Tonalea-Kydestea  0.09 7 
S384  Torriorthents-Badland  0.03 3 
S385  Telephone-Rock outcrop-Overgaard-Elledge  1.00 10 
S386  Spudrock-Elledge-Docdee  0.40 0 
S387  Gordo-Baldy  0.40 0 
S388  Sponseller-Ess  0.13 0 
S389  Thunderbird-Showlow  0.01 0 
S390  Typic Haplustalfs-Rock outcrop-Aridic Haplustalfs  0.32 20 
S391  Typic Haplustalfs-Lithic Haplustalfs  0.14 0 
S392  Sogzie-Sheppard-Rock outcrop-Aneth  1.70 10 
S393  Shedado-Rock outcrop-Mespun-Begay-Anasazi  0.52 15 
S394  Ustollic Haplargids-Rock outcrop-Namon  0.40 30 
S395  Abreu  1.20 0 
S396  Typic Eutroboralfs  0.40 0 
S397  Typic Eutroboralfs  0.40 0 
S398  Sheppard-Rock outcrop-Monue-Moepitz  1.74 10 
S399  Pinamt-Momoli-Hickiwan-Gunsight-Denure  0.57 0 
S400  Retriever-Calciorthids  0.25 0 
S401  Vertic Haplustalfs-Aridic Ustochrepts  0.03 0 
S402  Rock outcrop-Lama-Fragua  0.33 30 
S403  Winona-Spudrock-Rock outcrop  0.40 10 
S404  Winona-Spudrock-Rock outcrop  0.40 30 
S405  Quintana  0.04 0 
S406  Typic Paleboralfs-Eutric Glossoboralfs  0.40 0 
S407  Typic Cryoboralfs-Rock outcrop-Eutric Glossoboralfs  0.06 20 
S408  Rock outcrop-Eutric Glossoboralfs  0.75 30 
S409  Typic Haplustalfs-Fluventic Ustochrepts  0.25 0 
S410  Rock outcrop-Aridic Ustochrepts-Aridic Haplustolls  0.05 10 
S411  Typic Paleboralfs-Typic Cryoboralfs-Rock outcrop  0.40 10 
S412  Vertic Haplustalfs-Typic Haplustalfs  0.02 7 
S413  Typic Haplustalfs  0.25 0 
S414  Typic Haplustalfs  0.25 0 
S415  Typic Haplustalfs-Rock outcrop-Eutric Glossoboralfs  0.32 20 
S416  Silkie-Espiritu  0.04 0 
S417  Wineg-Quintana-Amos  0.01 0 
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S418  Typic Haplustalfs-Lithic Haplustalfs  0.13 0 
S419  Mollic Eutroboralfs  0.40 0 
S420  Rock outcrop-Mollic Cryoboralfs-Eutric Glossoboralfs  0.33 30 
S421  Mirand-Derecho  0.12 0 
S422  Silkie-Mirand  0.01 0 
S423  Vibo-Casto  0.07 0 
S424  Typic Haplustalfs-Mollic Eutroboralfs  0.16 0 
S425  Mirand-Maes  0.12 0 
S426  Eutric Glossoboralfs  0.40 0 
S427  Heflin-Casto  0.06 0 
S428  Rillino-Gila-Continental  0.37 0 
S429  Tombstone-Romero-Rock outcrop  0.40 30 
S430  Tubac-Pajarito-Hayhook-Glendale-Bucklebar  0.20 0 
S431  Tres Hermanos-Pinamt-Artesia  0.17 0 
S432  Eicks-Eba-Cloverdale  0.03 0 
S433  Limpia-Graham-Bonita-Atascosa  0.04 0 
S434  Mabray-Chiricahua-Atascosa  0.09 0 
S435  Rock outcrop-Mokiak-Faraway  0.20 20 
S436  Rock outcrop-Luzena-Fallsam  0.04 40 
S437  Tapco-Peloncillo-Artesia  0.04 0 
S438  Wampoo-Signal-Bonita  0.02 0 
S439  Selevin-Eloma-Alsco  0.05 0 
S440  Yumtheska-Virgin Peak-Rock outcrop-Katzine  0.37 22 
S441  Rock outcrop-Piute-Bluechief  0.69 15 
S442  Uzona-Shumbegay-Escavada  0.25 0 
S443  Millett-Farview-Doakum  0.02 0 
S444  Mido-Blanding-Arches  0.33 0 
S445  Tunitcha-Klizhin-Akhoni  0.37 0 
S446  Abreu  0.40 0 
S447  Altar  0.10 0 
S448  Altar  0.10 0 
S449  Rock outcrop-Garr  0.40 40 
S450  Ustorthents-Rizno-Metuck  0.17 0 
S451  Vibo-Ustochrepts-Badland  0.06 0 
S452  Telescope-Royosa-Augustine  0.17 0 
S453  Badland-Aridic Ustochrepts-Aridic Haplustolls  0.04 0 
S454  Shoegame-McNeal-Badland  0.07 0 
S455  Rock outcrop-Lithic Ustorthents family-Hogris  0.13 30 
S456  Torriorthents-Cellar  0.55 0 
S457  Spudrock-Rock outcrop-Cellar  0.75 30 
S458  Yaqui-Werlog  0.11 0 
S459  Werlog-Santo Tomas-Riverwash  0.64 0 
S460  Torriorthents  0.25 0 
S461  Rock outcrop-Moenkopie  0.40 30 
S462  Typic Ustifluvents-Fluventic Ustochrepts  0.25 0 
S463  Fluventic Ustochrepts-Aquic Ustifluvents  0.25 0 
S464  Vessilla-Rock outcrop  0.40 35 
S465  Teromote-Kopie  0.25 0 
S466  Quintana-Kopie  0.12 0 
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S467  Typic Ustochrepts-Typic Haplustalfs-Rock outcrop  0.09 25 
S468  Shoegame-Badland-Aridic Ustochrepts  0.07 0 
S469  Ransect  0.04 0 
S470  Typic Ustochrepts-Lithic Ustochrepts  0.08 0 
S471  Typic Ustochrepts-Typic Haplustalfs-Rock outcrop  0.09 30 
S472  Typic Dystrochrepts-Spudrock-Rock outcrop  0.18 30 
S473  Typic Dystrochrepts-Dystric Cryochrepts  0.89 0 

S474  
Typic Dystrochrepts-Rock outcrop-Dystric 
Cryochrepts  0.10 20 

S475  Dystric Cryochrepts  0.25 0 
S476  Sobega-Quintana-Kopie  0.10 0 
S477  Dystric Cryochrepts  0.25 0 
S478  Rock outcrop-Lithic Ustochrepts  0.11 30 
S479  Typic Dystrochrepts-Rock outcrop-Lithic Ustochrepts  0.18 30 
S480  Quintana  0.04 0 
S481  Spudrock-Sobega-Rock outcrop  0.40 40 
S482  Spudrock-Rombo-Rock outcrop  0.05 30 
S483  Timhus-Quintana-Flugle  0.09 0 
S484  Riverwash-Prewitt-Lynx  0.14 0 
S485  Ess-Cundiyo  0.40 0 
S486  Hereford  0.04 0 
S487  Vertic Argiborolls  0.04 0 
S488  Pachic Udic Argiborolls  0.40 0 
S489  Rock outcrop-Lithic Haplustolls  0.40 30 
S490  Nakai-Monue-Blackston  0.51 0 
S491  Ustochreptic Calciorthids  1.20 0 
S492  Rock outcrop-Bond-Bidonia  0.07 15 
S493  Winona-Pastura-Cibeque  0.30 0 
S494  Sponiker-Godding  0.07 0 
S495  Torriorthents-Calciorthids-Badland  0.02 0 
S496  Faraway-Barkerville  0.82 0 
S497  Tours-Showlow-Cibeque  0.03 0 
S498  Rond-Jacks-Chevelon  0.05 0 
S499  Tortugas-Roundtop-Rock outcrop  0.12 15 
S500  Lemitar-Lampshire-Chiricahua  0.05 0 
S501  Tuloso-Tinaja  0.23 0 
S502  Riverwash-Prewitt-Pinetop-Lynx  0.08 0 
S1126 Uzona-Rock outcrop-Myton family-Claysprings  0.41 55 
S1129 Tecopa-Rock outcrop-Lithic Torriorthents  0.83 0 
S1131 Rositas-Beeline-Badland  0.00 55 
S1140 Rock outcrop  0.13 0 
S1422 Rillito-Gunsight  0.02 10 
S5061 Vertic Haplustalfs-Typic Haplustalfs  0.05 0 
S5065 Typic Eutroboralfs-Lithic Haplustalfs  0.19 0 
S5068 Typic Haplustalfs-Rock outcrop-Eutric Glossoboralfs  0.31 30 

S5085 
Typic Ustorthents-Typic Ustochrepts-Typic 
Udorthents-Rock outcrop  0.39 25 

S5087 Typic Ustochrepts-Rock outcrop-Aridic Ustochrepts  0.31 30 
S5094 Udic Ustochrepts-Typic Ustochrepts  0.77 0 
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S5108 Fluventic Haploborolls-Aquic Ustifluvents  0.21 0 
S5116 Typic Argiborolls  0.25 0 
S5168 Rock outcrop-Flugle-Catman  0.05 13 
S5169 Rock outcrop-Nogal  0.08 22 
S5170 Teco-Rock outcrop-Montecito-Cabezon-Atarque  0.03 11 
S5172 Stout-Kiln-Hesperus  0.27 0 
S5173 Telescope-Royosa  1.48 0 
S5177 Weska-Travessilla-Rock outcrop-Oelop  0.10 30 
S5249 Ojocal-Alicia  0.07 0 
S5315 Rock outcrop-Lehmans-Chiricahua-Chamberino  0.08 20 
S5325 Rock outcrop-Muzzler-Luzena  0.04 20 
S5331 Thunderbird-Rudd-Hubbell-Cabezon  0.06 0 
S5333 Mion-Jacee-Goesling-Celacy-Augustine  0.03 3 
S5396 Loarc-Guy-Dioxice-Datil  0.25 2 
S5397 Manzano-Hickman-Catman  0.02 0 

S5573 
Water-Virgin River-Toquop-Riverwash-Black Butte-
Alluvial land  0.23 0 

S5575 Naye-Mormon Mesa  0.74 1 
S5576 St. Thomas-Rock outcrop-Kyler  0.31 15 
S5577 Cave family-Cave-Ajo  0.43 0 
S5578 Harrisburg-Cave-Arizo  0.23 0 
S5579 Toquop-Black Butte-Arada  0.33 0 
S5580 Tonopah-Colorock-Badland  0.32 0 
S5581 Yurm family-Winkel-Torriorthents  0.13 9 
S5586 Zeheme-St. Thomas-Rock outcrop  0.15 19 
S5587 Zeheme-Virgin Peak-Rock outcrop-Hobog  0.22 14 
S5588 Nickel-Bitter Spring-Arizo  0.16 2 
S5589 Rositas-Pompeii-Gunsight-Carrizo-Ajo  0.14 0 
S5590 Rock outcrop-Hindu-Gypill-Badland  0.03 25 
S5592 Rock outcrop-Kanackey-Dedas-Calvista-Breko  0.03 20 
S5742 Typic Torriorthents-Gypill-Cave-Badland  0.05 0 
S7770 Sheppard-Rock outcrop-Oljeto-Neskahi-Mota  0.14 10 
S7771 Rock outcrop-Piute-Moenkopie-Hoskinnini  0.06 20 
S7774 Rock outcrop-Lithic Torriorthents-Badland  0.25 50 
S8181 Tobler-St. George-Nikey-Junction-Harrisburg  0.30 0 
S8182 Winkel-Renbac-Hobog-Bermesa  0.03 0 
S8184 Shalet-Badland  0.28 5 
S8187 Pastura family-Magotsu-Curhollow  0.21 5 
S8196 Rock outcrop-Mespun-Arches  0.03 10 
S8197 Yarts-Palma-Neville family-Barx-Atchee  0.13 5 
S8198 Skos-Rock outcrop  0.04 20 
S9582 Leanto-Bisoodi-Arntz  0.23 4 

S9583 
Torriorthents-Marcou-Claysprings-Burnswick-
Badland  0.08 6 

S9584 Strych-Rock outcrop-Monue  0.14 18 
S9585 Vecont-Trix-Mohall-Denure-Dateland-Casa Grande  0.18 0 
S9586 Selevin-Kimrose-Keysto-Caralampi  0.42 0 
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Initial Loss plus Uniform Loss Rate (IL+ULR) 

 
In general, the Green and Ampt infiltration equation with an estimate 
of the surface retention loss should be used for most drainage areas 
in Arizona.  The IL+ULR method should be used for drainage areas 
where soil texture does not control the infiltration rate (such as 
volcanic cinder) or where the soil texture of the drainage area is 
predominantly sand.  Calibration data or results of regional studies 
are necessary to justify the selection of parameters for the IL+ULR 
method. 
 
There are conceptual and computational differences between the 
Green and Ampt infiltration equation method and the IL+ULR method 
for estimating rainfall losses.  When using the IL+ULR method, the 
initial loss (STRTL) is defined as the sum of surface retention loss (IA) 
plus initial infiltration loss that accrues before surface runoff is 
produced, and this is equivalent to initial abstraction.  When using the 
Green and Ampt infiltration equation method, the initial abstraction is 
calculated based on the input of both the surface retention loss (IA) 
and the infiltration parameters (XKSAT, PSIF and DTHETA). 

When using the IL+ULR method, both the initial loss (STRTL) and the 
uniform loss rate (CNSTL) must be estimated.  Because this method 
is to be used for special cases where infiltration is not controlled by 
soil texture or for drainage areas and subbasins that are 
predominantly sand, the estimation of the parameters will require 
model calibration, results of regional studies, or other valid 
techniques.  It is not possible to provide complete guidance in the 
selection of these parameters, however, some general guidance is 
provided. 

a. Because this method is only to be used for special cases, 
the uniform loss rate (CNSTL) will either be very low for 
nearly impervious surfaces or possibly quite high for 
exceptionally fast draining (porous) land surfaces.  For 
land surfaces with very low infiltration rates, the value of 
CNSTL will probably be 0.05 inches per hour or less.  For 
sand, a CNSTL of 0.5 to 1.0 inch per hour or larger would 
be reasonable.  Higher values of CNSTL for sand and 
other surfaces are possible; however, use of high values 
of CNSTL will require special studies. 

b. The selection of the initial loss (STRTL) can be made on 
the basis of calibration or special studies at the same 
time that CNSTL is estimated.  Alternatively, since 
STRTL is equivalent to initial abstraction, STRTL can be 
estimated by use of the SCS CN equations for estimating 
initial abstraction , written as: 
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  STRTL  =  200  -  2               (3-2)  
                   CN     
   

 Estimates of CN for the drainage area or subbasin should 
be made by referring to various publications of the SCS, 
particularly TR-55.  Equation 3-2 should provide a fairly 
good estimate of STRTL in many cases, however, its use 
will have to be judiciously applied and carefully 
considered in all cases. 

 
 

Procedure 
 

The following method can be used only when it is known that soil 
texture does not control infiltration rate.  This method must be used 
with adequate calibration or verification to justify the use of uniform 
loss rates that may exceed the hydraulic conductivities shown in Table 
3-4. 
 
1. Prepare a base map of the drainage area delineating modeling 

subbasins, if used. 

2. Delineate subareas of different infiltration rates (uniform loss 
rates) on the base map.  Assign a land-use or surface cover to 
each subarea. 

3. Determine the size of each subbasin and the size of each 
subarea within each subbasin. 

4. Estimate the impervious area (RTIMP) for the drainage area or 
each subarea (Table 3-5). 

5. Estimate the initial loss (STRTL) for the drainage area or each 
subarea by regional studies or calibration.  Alternatively, 
Equation 3-2 can be used to estimate or to check the value of 
STRTL. 

6. Estimate the uniform loss rate (CNSTL) for the drainage area or 
each subarea by regional studies or calibration. 

7. Calculate the area weighted values or RTIMP, STRTL and 
CNSTL for the drainage area or each subbasin. 

8. The area weighted values of RTIMP, STRTL and CNSTL for the 
drainage area or each subbasin are entered on the LU record of 
the HEC-1 input file. 
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Time-Area Relations 
 
The intent of providing the individual relations in addition to the generalized relation 
is to allow users the opportunity to select a time-area relation that was reconstituted 
from actual storm events for watersheds that might be similar to the watershed of 
interest.  This selection would be based on similarities in location, drainage area, 
length and slope of the flow path, percent impervious and any other data that can be 
provided.  If the user feels that there is not a good match of the watershed of interest 
to any specific time-area relation, then the generalized relations can be used.
 

• Figure 6 presents 7 different time-area relations reconstituted 
from runoff events on urban watersheds in Colorado, New 
Mexico, Wyoming and Arizona.  The time-area relation 
identified as u-d is the composite relation adopted in the ADOT 
Manual. 

• Figure 8 presents 8 different time-area relations (exclusive of 
the HEC-1 default) reconstituted from runoff events on natural 
watersheds in Colorado, New Mexico, Wyoming and Arizona.  
The time-area relation identified as n-d is the composite 
relation adopted in the ADOT Manual. 

• Table 2 lists the various watersheds considered in the 
reconstitution effort. 

• Table 3 provides some of the watershed data/parameters for 
the watersheds. Column 16 of Table 3 is the link between the 
time-area relations presented in Figures 6 and 8 and the 
watersheds listed in Table 2. 
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FIGURE 6 
Dimensionless Time-Area Relations for Urban Watersheds
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         Default 
T* U-1 U-3 U-4 U-5 U-6 U-7 U-8   U-D 
0 0 0 0 0 0 0 0  0 
10 10 5 1 1 1 1 1  5 
20 45 10 5 5 3 3 45  16 
30 75 50 25 15 10 10 75  30 
40 84 70 60 35 35 20 84  65 
50 90 75 75 65 50 50 90  77 
60 94 80 80 75 64 70 94  84 
70 96 85 85 85 77 85 96  90 
80 98 90 90 90 87 90 98  94 
90 99 95 95 95 96 95 99  97 
100 100 100 100 100 100 100 100  100 
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FIGURE 8
Dimensionless Time-Area Relation for Natural Watersheds
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 HEC-1       Computed Default 

T* D N-1 N-2 N-3 N-4 N-5 N-6 WD WMB N-D 
             
0 0.0 0 0 0 0 0 0 0 0 0 
10 4.5 2 3 1 4 3 3 1 3 0 
20 12.6 3 5 2 13 5 5 2 11 5 
30 23.5 5 10 3 50 10 10 5 24 8 
40 35.8 7 20 4 80 15 20 10 37 12 
50 50.0 10 50 5 90 25 50 20 50 20 
60 64.2 15 80 6 92 45 64 50 61 43 
70 76.8 25 90 10 94 75 77 80 73 75 
80 87.4 65 94 20 96 92 87 90 84 90 
90 95.5 90 97 80 98 96 96 95 95 96 
100 100.0 100 100 100 100 100 100 100 100 100 
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TABLE 2
Watersheds Used in the Reconstitutions

Watershed Area Eff. Imp. Area # of Events
Code (acres) (%) Recording Non-recording Analyzed

(2) (3) (4) (5) (6) (7)

Albuquerque Villa del Oso AVD0 33.3 16.4 1 0 2
Academy Acres AAA 79.4 16.3 2 0 2
Taylor Ranch ATR 87.0 9.6 2 0 1
La Cueva Arroyo ALA 57.6 0 1 0 3
Camino Arroyo ACA 57.0 0 1 0 2
N. Camino Arroyo ANCA 134.4 0 1 0 2

Denver 116th Ave. D116 170.0 13.3 3 0 2
Villa Italia DVI 77.0 82.0 1 0 1
Concourse D DCD 96.0 90.0 1 0 1
Goose Creek DGC 441.6 15.4 1 0 1
Sand Creek DSC 185.6 24.0 1 0 2

Tucson High School THS 576.0 11.3 4 1 2
Arcadia TAR 2240.0 10.9 7 3 4
Railroad TRR 1472.0 17.0 3 3 2
Atterbury TAT 3181.0 3.0 1 8 3

Walnut Gulch W-4 4- 560.0 0 4 0 2
W-8 8- 3830.0 0 17 0 2
W-11 11- 2035.0 0 10 0 2
W-15 15- 5912.0 0 15 0 1
W-103 103- 8.3 0 1 0 2
W-111 111- 143.0 0 2 0 3

Wyoming W.F. Dry Chey. Ck WCU 441.6 0 1 0 2
W.F. Dry Chey. Trib. WC 1184.0 0 1 0 2
Dead Horse Ck. WDH 979.2 0 1 0 1
East Teapot Ck. WET 3482.0 0 1 0 1
Dugout CK. WD 454.4 0 1 0 1
Headgate Draw WHD 2124.8 0 1 0 1
Medicine Bow Trib. WMB 1926.4 0 1 0 1

Number of watersheds = 28           Number of events = 51

# of RaingagesWatershed 

(1)
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Summary of Flood Resconstitutions using Tucson Data

Eff. Imp. Storm Rain Runoff Lag Tc R Rrec. Comp Time- STRTL CNSTL Ouptut Comment
Code Area Area Event Obs. Comp. Obs. Comp. Int. Area File

(acres) (%) (in) (in) (cfs) (cfs) (hr) (hr) (hr) (hr) (hr) (hr) (min.) (in.) (in/hr)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)

THS1 576 11.3 13 Aug 80 1.9 0.67 360 322 0.83 1.03 0.43 0.14 0.57 0.43 2 U-1 0.48 0.57 Ø6 multiple peak hg.
* THS2 " " 11-12 Sept 82 0.9 0.38 331 348 0.50 0.50 0.30 0.29 0.31 0.3 5 U-1 0.48 0.28 Ø4

TAR1 2240 10.9 1 Sept 71 1.5 0.41 1430 1231 1.25 1.25 0.90 1.49 0.15 0.39 5 U-7 0.91 0.42 Ø8 estimated peak
TAR2 " " 23 Aug 82 1.1 0.12 360 357 0.92 0.92 0.75 1.04 0.25 0.35 5 U-7 1.00 0.52 Ø4

* TAR3 " " 11 Sept 82 1.0 0.25 461 443 1.50 1.50 0.84 0.80 0.58 0.43 5 U-7 0.83 0.44 Ø5
* TAR4 " " 11 Sept 82 1.3 0.54 867 823 0.83 0.83 0.81 0.71 0.6 0.54 5 U-7 0.62 0.32 Ø5 1" antecedent rain

 
* TRR1 1472 17 11-12 Sept 82 0.8 0.41 515 504 2.00 1.92 1.10 1.46 0.51 0.43 5 U-5 0.24 0.05 Ø7 .6" antecedent rain
* TRR2 " " 2 Aug 82 1.0 0.30 350 341 2.50 2.50 0.89 0.88 0.71 0.61 10 U-5 0.52 0.26 Ø4

* TAT1 3181 3 26 Sept 84 1.4 0.27 178 200 5.00 4.75 3.42 2.36 3.18 2.10 15 D 0.17 0.33 Ø3
TAT2 " " 11 Sept 82 1.4 0.35 325 392 1.75 2.00 - 0.26 2.71 1.80 15 D 0.48 1.06 Ø1 rejected (Tc)
TAT3 " " 25-26 Sept 76 1.7 0.51 340 296 2.25 4.00 - 2.74 3.48 1.83 15 D 0.10 0.96 Ø1 rejected (rain)

Watershed Qp tp

TABLE 3
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TABLE 4
Summary of Flood Reconstitutions Using Denver Data

Watershed 
Code

Area Eff. Imp. 
Area 

Storm 
Event

Rain Runoff QP tP Lag TC R Rrec.
Comp. Int

Time-
Area

STRTL CNSTL Output 
File

Comment

Obs. Comp. Obs. Comp.

(acres) (%) (in) (in) (cfs) (cfs) (hr) (hr) (hr) (hr) (hr) (hr) (min) (in) (in/hr)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)

 D116 1 170.0 13.3 03-Jun-81 0.93 0.36 123 131 0.50 0.50 0.21 0.08 0.27 0.18 2 U-1 0.61 0.23 Ø3
 D116 2 170.0 13.3 22-Aug-81 0.33 0.15 28 - 0.27 - - - - - - - - - - rejected (rain)

*DVI 1 77.0 82.0 20-Apr-80 0.54 0.47 77 70 0.58 0.57 0.20 0.14 0.18 0.10 2 D 0.74 0.15 Ø4

 DCD 1 96.0 90.0 01-Aug-76 1.97 1.78 285 253 0.67 0.63 0.24 0.18 0.21 0.20 2 D 1.62 0.46 Ø2

*DGC 1 441.6 15.4 25-Jul-76 0.86 0.30 137 129 0.75 0.75 0.63 0.71 0.35 0.32 5 D 0.61 0.04 Ø3

 DSC 1 185.6 24.0 30-Jul-74 1.38 0.52 251 255 0.42 0.43 0.14 0.11 0.16 0.16 5 U-1 0.74 1.33 Ø4 rejected (Tc)
*DSC 2 185.6 24.0 01-Aug-76 1.30 0.42 196 219 0.42 0.40 0.15 0.27 0.11 0.18 2 U-1 0.95 0.55 Ø2
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                                                                   APPENDIX E 
PROCEDURE TO ESTIMATE  MANNING’S 
ROUGHNESS COEFFICIENT 
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Procedure for Estimating n 
 

The n for a channel can be computed by: 
 

 n = (n0 + n1 + n2 + n3 + n4) m5 
 

The values for n0 is the base value for a straight, uniform, stable channel, n1 is a 
value for the effect of surface irregularities, n2 is a value to account for 
obstructions to flow, n3 is a value for vegetation, n4 is a value to account for 
variations in channel cross section, and m5 is a correction factor to account for 
meandering of the main channel. 
 
The value for n0 can be selected from Table D-1.  The adjustment factors (n1, 
n2, n3, n4 and m5) can be selected from Table D-2. 
 
For overbank floodplains, the value of n is selected from Table D-3. 
The Manning’s roughness coefficient for the main channel is designated as 
ANCH, for the left overbank it is ANL, and for the right overbank it is ANR 
according to HEC-1 nomenclature. 
 
 
 

TABLE D-1 
BASE VALUES (n0)OF MANNING’S ROUGHNESS COEFFICIENT 

FOR STRAIGHT, UNIFORM, STABLE CHANNELS 
(from Thomsen and Hjalmarson, 1991) 

 
Size of Bed Material Base Values, n0 

Channel Material 
Millimeters Inches 

Benson and 
Dalrymple 

(1967)a 

Chow 
(1959)b 

Concrete ------- ------- 0.012-0.018 0.011 
Rock Cut ------- ------- ------- .025 
Firm Soil ------- ------- .025-.032 .020 
Coarse Sand 1-2 ------- .026-.035 ------- 
Fine Gravel ------- ------- ------- .024 
Gravel 2-64 0.08-2.5 .028-.035 ------- 
Coarse Gravel ------- ------- ------- .028 
Cobble 64-256 2.50-10.0 .030-.050 ------- 
Boulder >256 >10.0 .040-.070 ------- 
aStraight uniform channel. 
bSmoothest channel attainable in indicated material. 
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TABLE D-2 
ADJUSTMENT FACTORS (n1, n2, n3, n4 and m5) FOR THE 

DETERMINATION OF OVERALL MANNING’S n VALUE 
(from Thomsen and Hjalmarson, 1991) 

 
 

Channel Conditions 
Manning’s n 
Adjustmenta Example 

Degree of irregularity: n1  
Smooth 0.000 Smoothest channel attainable in given bed material. 
Minor .001 - .005 Channels with slightly eroded or scoured side slopes. 
Moderate .006 - .010 Channels with moderately sloughed or eroded side slopes. 
Severe .011 - .020 Channels with badly sloughed banks; unshaped, jagged, or 

irregular surfaces of channels in rock. 
Effects of obstruction n2  

Negligible .000 - .004 A few scattered obstructions, which include debris deposits, 
stumps, exposed roots, logs, piers, or isolated boulders, that 
occupy less than 5 percent of the cross-sectional area. 

Minor .005 - .015 Obstructions occupy 5 to 15 percent of the cross-sectional area 
and the spacing between obstructions is such that the sphere of 
influence around one obstruction does not extend to the sphere of 
influence around another obstruction.  Smaller adjustments are 
used for curved smooth-surfaced objects that are used for sharp-
edged angular objects. 

Appreciable .020 - .030 Obstructions occupy from 15 to 50 percent of the cross-sectional 
area or the space between obstructions is small enough to cause 
the effects of several obstructions to be additive, thereby blocking 
an equivalent part of a cross section. 

Severe .040 - .060 Obstructions occupy more than 50 percent of the cross-sectional 
area or the space between obstructions is small enough to cause 
turbulence across most of the cross section. 

a  Adjustments for degree of irregularity, variations in cross section, effect of obstructions, and vegetation are added 
to the base n value before multiplying by the adjustment for meander. 
b  Conditions considered in other steps must not be reevaluated or duplicated in this section. 
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TABLE D-2 Continued 
ADJUSTMENT FACTORS (n1, n2, n3, n4 and m5) FOR THE 

DETERMINATION OF OVERALL MANNING’S n VALUE 
(from Thomsen and Hjalmarson, 1991) 

 
 

Channel Conditions 
Manning’s n 
Adjustmentc Example 

Vegetation: n3  
Small .002 - .010 Dense growths or flexible turf grass, such as Bermuda, or weeds 

where the average depth of flow is at least two times the height of 
the vegetation; supple tree seedlings such as willow, cottonwood, 
arrow weed, or saltcedar, where the average depth of flow is at 
least three times the height of the vegetation. 

Medium .010 - .025 Grass or weeds where the average depth of flow is from one to 
two times the height of the vegetation; moderately dense stemmy 
grass, weeds, or tree seedlings, where the average depth of flow 
is from two to three times the height of the vegetation; moderately 
dense brush, similar to 1- to 2-year old saltcedar in the dormant 
season, along the banks and to no significant vegetation along the 
channel bottoms where the hydraulic radius exceeds 2 feet. 

Large .025 - .050 Turf grass or weeds where the average depth of flow is about 
equal to the height of vegetation; small trees intergrown with some 
weeds and brush where the hydraulic radius exceeds 2 feet. 

Very Large .50 - .100 Turf grass or weeds where the average depth of flow is less than 
half the height of vegetation; small bushy trees intergrown with 
weeds along side slopes of dense cattails growing along channel 
bottom; trees intergrown with weeds and brush. 

Variations in channel cross 
section: 

n4  

Gradual .000 Size and shape of cross sections change gradually. 
Alternating .001 - .005 Large and small cross sections alternate occasionally, or the main 

flow occasionally shifts from side to side owing to changes in 
cross-sectional shape. 

Alternating .010 - .015 Large and small cross sections alternate frequently, or the main 
flow frequently shifts from side to side owing to changes in cross-
sectional shape. 

c  Adjustments for degree of irregularity, variations in cross section, effect of obstructions, and vegetation are added 
to the base n value before multiplying by the adjustment for meander. 

 

Channel Conditions 
Manning’s n 
Adjustmentd Example 

Degree of meanderinge: m5  
Minor 1.00 Ratio of the meander length to the straight length of the channel 

reach is 1.0 to 1.2 
Appreciable 1.15 Ratio of the meander length to the straight length of the channel is 

1.2 to 1.5 
Severe 1.30 Ratio of the meander length to the straight length of the channel is 

greater than 1.5. 
d  Adjustments for degree of irregularity, variations in cross section, effect of obstructions, and vegetation are added 
to the base n value before multiplying by the adjustment for meander. 
e  Adjustment values apply to flow confined in the channel and do not apply where downvalley flow crosses 
meanders.  The adjustment is a multiplier. 
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TABLE D-3  
VALUES OF MANNING’S n for FLOODPLAINS 

(from Thomsen and Hjalmarson, 1991) 
 
 

Description Minimum Normal Maximum 
Pasture, no brush:    

Short grass 0.025 .030 .035 
High grass .030 .035 .050 

Cultivated areas:    
No crop .020 .030 .040 
Mature row crops .025 .035 .045 
Mature field crops .030 .040 .050 

Brush:    
Scattered brush, heavy 
weeds .035 .050 .070 
Light brush and trees, in 
winter .035 .050 .060 
Light brush and trees, in 
summer .040 .060 .080 
Medium to dense brush, in 
winter .045 .070 .110 
Medium to dense brush, in 
summer .070 .100 .160 

Trees    
Dense willows, summer, 
straight .110 .150 .200 
Cleared land with tree 
stumps, no sprouts .030 .040 .050 
Same as above, but heavy 
growth of sprouts .050 .060 .080 
Heavy stand of timber, a few 
down trees, little 
undergrowth, flood stage 
below branches .080 .100 .120 
Same as above, but with 
flood stage reaching 
branches .100 .120 .160 
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                                                                   APPENDIX F 
EXAMPLES 
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Sample Watershed Data 

 
This Appendix contains sample hydrologic model data for four gaged watersheds in 
Arizona, specifically watersheds within one of the Flood Regions identified in State 
Standard 2-96 and/or the USGS report, Statistical Summaries of Streamflow Data and 
Characteristics of Drainage Basins for Selected Streamflow-Gaging Stations in Arizona 
Through Water Year 1996, Water-Resources Investigation Report 98-4225 (USGS, 
1998).    Selection of the sample watersheds is discussed in more detail in the 
Technical Supplement.    The watersheds include Rye Creek above Tonto Creek near 
Payson, a moderately complex watershed with a drainage area in excess of 100 square 
miles; Cemetery Wash, an urbanized watershed in Tucson; Military Wash, a low 
elevation, desert/rangeland condition watershed located in the southwest corner of 
Maricopa County; and Campbell Blue Creek, a high elevation condition watershed 
located on the eastern edge of the Arizona in Greenlee and Apache Counties.  Data for 
one watershed, Rye Creek is presented in the format of a Technical Data Notebook 
(TDN), representing a sample report for submittal to the Arizona Department of Water 
Resources (ADWR) and Federal Emergency Management Agency (FEMA) per State 
Standard SSA1-97. 
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Section 1: Introduction 
 
This report describes a hydrologic study performed on Rye Creek.  The purpose of this 
study is to test selected assumptions on a gaged watershed within Arizona in order to 
help develop hydrologic modeling technical guidelines for use within Arizona.  This 
study is a requirement of Section 2.2.6 of the scope of work for this project.  The scope 
requires the study of 2 relatively simple and 2 moderately complex watersheds.  Rye 
Creek is considered a moderately complex watershed with a drainage area in excess of 
100 square miles.  This report follows the outline of the ADWR ‘Instructions for 
Organizing and Submitting Technical Documentation for Flood Studies’ (TDN Manual). 
 
Rye Creek is located within Gila County near Payson as shown on Figure 1, Location 
Map and Vicinity Map.  The watershed area studied is located within all or part of the 
following Sections; 
Township 8 North, Range 8 East, Sections 13, and 23-26. 
Township 8 North, Range 9 East, Sections 1-24, and 26-33. 
Township 8 North, Range 10 East, Sections 2-11, 13-18 and 23. 
Township 9 North, Range 9 East, Sections 1-36. 
Township 9 North, Range 10 East, Sections 3-10, 15-22, and 27-34. 
Township 10 North, Range 9 East, Sections 12-14, and 21-36. 
Township 10 North, Range 10 East, Sections 7-8, 16-22, 26-30, and 31-34. 
 
This study consists solely of a hydrologic model of approximately 122.6 square miles 
tributary to a gage station located on Rye Creek, immediately upstream of the 
confluence with Tonto Creek. The HEC-1 computer program developed by the United 
States Army Corps of Engineers was used to model the watershed.  The methodology 
used follows Green and Ampt procedures described within the Arizona Department of 
Transportation (ADOT) publication ‘Highway Drainage Design Manual – Hydrology’ 
(ADOT Drainage Manual).  The results of the model show a peak estimated discharge 
of approximately 36,200 cfs at the gage station for the 100-year design runoff event. 
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Section 2: Study Documentation Abstract 
 
Section 2.1: General Information 

2.1.1 Community Gila County, Unincorporated Areas 

2.1.2 Community Number 040028 

2.1.3 County Gila 

2.1.4 State Arizona 

2.1.5 Date Study Accepted n/a 

2.1.6 Study Contractor Contact(s) 
Address Phone Internal 
Reference Number 

Ian Sharp 
JE Fuller Hydrology & Geomorphology Inc. 
1955 E. Grant Road, Suite 148 
Tucson, Arizona 85745 
520-623-3112 

2.1.7 State Technical Reviewer Phone  

2.1.8 Local Technical Reviewer Phone n/a 
2.1.9 River or Stream Name Rye Creek 

2.1.10 Reach Description Above Tonto Creek 

2.1.11 Study type (Riverine, Alluvial 
Fan, etc.) 

Riverine 

Section 2.2: Mapping Information 

2.2.1 USGS Quad Sheet(s) with 
original photo date & latest photo 
revision date. 

033111 H4 – Reno Pass, 1965 
034111 A3 – Gisela, 1974 
034111 A4 – Mazatzal Peak, 1974 
034111 A5 – Table Mountain, 1969 
034111 B3 – Payson South, 1975 
034111 B4 – North Peak, 1975 

2.2.2 Mapping for Hydrologic Study 
Type/Source Scale Date 

USGS Quad Maps, 7.5’ 

2.2.3  Mapping for Hydraulic Study 
Type/Source Scale Date 
Subcontractor (Aerial) Date of 
Aerial Mapping  

n/a 
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Section 2.3: Hydrology  

2.3.1  Model or Method Used 
(including vendor and version 
description)  

HEC-1, Version 4.1, U.S. Army Corps of Engineers 
Green and Ampt methodology 

2.3.2  Storm Duration  24-Hour 

2.3.3  Hydrograph Type  Clark Unit Hydrograph 

2.3.4  Frequencies Determined  100-year 

2.3.5  List of Gages Used in Frequency 
Analysis or Calibration 
(Location, Years of Record, Gage 
Ownership)  

09498870 – Rye Creek Near Gisela, AZ 
USGS Ownership 
12/09/1965 – 09/30/1985 

2.3.6  Rainfall Amounts and Reference  NOAA 14 data.  See HEC-1 model for more 
information. 

2.3.7  Unique Conditions and Problems  n/a 
2.3.8  Coordination of Q=s (Agency, 

Date, Comments)  
n/a 

2.4: Hydraulics  

2.4.1  Model or Method Used 
(including vendor and version 
description)  

n/a 

2.4.2  Regime  n/a 

2.4.3  Frequencies for which Profiles 
Were Computed  

n/a 

2.4.4  Method of Floodway Calculation  n/a 

2.4.5  Unique Conditions and Problems  n/a 

Section 2.5: Additional Study 
Information  

 

Item Description / Discussion 

n/a n/a 
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Section 3: Survey and Mapping Information 
 
3.1 – Field Survey Information 
No field survey was performed. 
 
3.2 – Mapping 
The base maps used were digital USGS Quad Maps on the NAD 1983 UTM Zone 12N 
horizontal datum.  These maps were originally obtained between 1965 and 1975 and 
have a contour interval of 40 feet.  No additional aerial maps were obtained and vertical 
control was not verified.   
 
Section 4: Hydrology 
 
4.1 – Method Description 
The hydrologic model follows methodology and procedures outlined in the ADOT 
Drainage Manual for developing HEC-1 models.  The HEC-1 model for Rye Creek is 
labeled ‘RYE.DAT’ and was developed in May, 2006.   
 
4.2 – Parameter Estimation 
 
4.2.1 – Drainage Area Boundaries 
Figure 2 shows the general watershed map along with the eight sub-watersheds.  The 
Rye Creek watershed was delineated from the Rye Creek headwaters down to the 
USGS gage station as found on the described USGS 7.5’ Quad Maps, above the 
confluence with Tonto Creek.  Rye Creek is within the Tonto Basin and is located to the 
east and south of the watershed divide between the Tonto Watershed and Lower Verde 
Watershed (also called the Mazatzal Divide).  The westernmost and northernmost 
watershed boundaries are located on this watershed divide.  Additionally, a portion of 
the westernmost watershed boundary is situated on the Yavapai County and Gila 
County boundary.  Payson is located north of the northernmost limit of the watershed 
along the Tonto and Verde divide.  A portion of the southernmost watershed boundary 
is situated along the Maricopa County and Gila County boundary.   
 
The hydraulically longest flow path is approximately 21 miles.  The northern apex of the 
watershed is at an approximate elevation of 5,100 feet.  The highest point of the 
watershed is located along the Mazatzal divide with an elevation over 7,900 feet.  The 
terminus of the watershed is at an approximate elevation of 2,800 feet.  Flow paths are 
generally well defined canyons along the western limits.  The flow paths are less 
defined along the eastern limits with some sheet flow areas present.  The available 
aerial maps do not clearly show the vegetation density within this watershed. 
 
4.2.2 – Watershed Work Maps 
Soils data is shown on Figure 3 and the watershed work map is included as Figure 4.  
This watershed contains many tributary streams and creeks and could potentially be 
subdivided into over 20 sub-areas.  However, the scope of this project requires a 
simpler approach, therefore a total of eight sub-watersheds were delineated.  These 
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sub-watersheds were delineated to be as homogenous as practicable.  These sub-
watersheds are labeled SA-1 to SA-8.  Five concentration points along the main stem of 
Rye Creek were identified and are labeled C-1 to C-5.  A total of four routing reaches 
were identified and are labeled R*, with the routed node label following the letter R (C-1 
is routed with RC-1).   
 
There are no land-use boundaries shown on Figure 4.  The watershed is in natural 
conditions with the exception of roads, highways, and power lines.  The hydrograph 
routing path is down Rye Creek as labeled on Figure 4. 
 
4.2.3 – Gage Data 
The USGS previously maintained a water stage recorder gage station on Rye Creek, 
just above the Tonto Creek confluence with a period of record from 1965 to 1985.  The 
peak discharge recorded by this station was 44,400 cfs (09/05/1970).  The USGS 
estimates a 100-year discharge of 35,400 cfs at this station.   
 
4.2.4 – Statistical Parameters 
This section is not included. 
 
4.2.5 – Precipitation 
Rainfall data was obtained from the National Oceanic and Atmospheric Administration 
(NOAA) Atlas 14.  The rainfall depths for each sub-watershed were determined based 
on the NOAA Atlas 14.  The corresponding depth values were entered into the HEC-1 
model in the PH card, up to the 24-hour depth.  The 100-year, 24-hour depths range 
from a minimum of 5.14 inches to 5.96 inches.  No detailed analysis relating the 
hypothetical model precipitation and distribution to historic record and statistical 
parameters was performed.   
 
4.2.6 – Physical Parameters 
Soils data was obtained from the National Resource Conservation Services (NRCS) 
State Soil Geographic (STATSGO) Database.  The soils data was used to determine 
the Green and Ampt loss rate parameter values.  The individual soil types bounded by 
each sub-watershed were determined.  Following this, the values of soil moisture deficit 
(DTHETA), hydraulic conductivity (XKSAT), and the wetting front capillary suction 
(PSIF) were identified for each soil type.  Values of DTHETA, XKSAT, and PSIF were 
then estimated for each sub-watershed based on the inclusion of each individual soil 
type.  The value of XKSAT was adjusted for vegetative cover density, which was 
estimated at 30 percent.  The surface retention loss (IA) was estimated based on a 
composite value of desert and rangeland flat slope and hill slope values.  Although this 
watershed contains a relatively high degree of rock outcropping, these areas were not 
considered hydraulically connected to the outfall (RTIMP equals 0). 
 
The time of concentration was estimated following the procedures outlined in the ADOT 
Hydrology Manual.  The desert/mountain equation was used to estimate the time of 
concentration.  Flow path lengths (Lc and Lca) and areas were measured from the 
basemaps in AutoCAD.  The slope was simply measured along the longest flow path 
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with the apex and outlet elevations used in the slope estimate.  The Clark unit 
hydrograph storage coefficient was estimated based on the equation in the ADOT 
Hydrology Manual.  The desert/rangeland synthetic time-area relationship was selected 
and entered into the HEC-1 model in the UA cards.   
Table 4.2-1 summarizes the physical parameters for each sub-watershed modeled.   
 

Table 4.2-1 –Physical Parameters Summary 
A Tc Storage 

C IA DTHETA XKSAT 
(adjusted) PSIF RTIMP Sub-

Watershed (sq.mi.) (Hours) 

Time-
Area 

Relation (Hours) (in) (normal) (in/hr) (in) (%) 
Rye-1 36.05 3.78 D-R 1.89 0.25 0.25 0.44 4.1 0 
Rye-2 12.19 1.85 D-R 0.79 0.25 0.25 0.34 3.7 0 
Rye-3 8.64 2.32 D-R 1.46 0.25 0.25 0.32 3.6 0 
Rye-4 9.29 2.39 D-R 1.62 0.25 0.25 0.40 3.9 0 
Rye-5 13.81 2.01 D-R 0.71 0.25 0.25 0.32 3.6 0 
Rye-6 13.93 1.81 D-R 0.74 0.25 0.25 0.38 3.9 0 
Rye-7 10.62 2.02 D-R 0.90 0.25 0.25 0.38 3.8 0 
Rye-8 18.04 3.06 D-R 1.44 0.25 0.25 0.31 3.5 0 

Note:  D-R = Desert-Rangeland for Time Area Relation (dimensionless) 
 
4.3 – Problems Encountered During the Study 
 
4.3.1 – Special Problems and Solutions 
No special problems or solutions are discussed.  
 
4.3.2 – Modeling Warning and Error Messages 
Warning messages were found regarding the stability of the modified puls method 
routing at extreme discharges.  The discharges are above those modeled, this warning 
was disregarded. 
 
4.4 – Calibration 
No adjustments were made to the watershed parameters in order to calibrate the model.  
The basic assumptions yielded a peak discharge relatively close to the gage values.  
Minor adjustments have been made to the model to calibrate the routing.  The number 
of steps (NTSPS) value on the RS card was adjusted based on normal depth velocity 
estimates, routing length, and the time step, as discussed in the HEC-1 manual. 
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4.5 – Final Results 
 
4.5.1 – Hydrologic Analysis Results 
Table 4.5-1 lists the peak discharges at key locations for the modeled 100-year, 24-hour 
runoff event. 
 

Table 4.5-1 – Hydrologic Model Results 

Basin 
Area 

Peak 
Discharge 

Time to 
Peak 

Runoff 
Volume 

Peak 
Discharge 
Per Area Node Included 

Sub-areas 
(sq-ml) (cfs) (hr) (ac-ft) (cfs/ 

sq-ml) 
SA-8 - 18.04 5,271 14.50 1,133 292 
SA-7 - 10.62 4,188 13.67 598 394 

C-1 SA-8, 
SA-7 28.66 7,902 14.17 1,731 276 

RC-1 C-1 28.66 7,868 14.33 1,731 275 
SA-6  13.93 6,283 13.50 780 451 

C-2 RC-1, 
SA-6 42.59 11,901 13.75 2,511 279 

RC-2 C-2 42.59 11,638 14.25 2,511 273 
SA-5 - 13.81 6,703 13.58 853 485 
SA-4 - 9.29 2,365 14.00 505 255 

C-3 
RC-2, 
SA-5, 
SA-4 

65.69 18,948 14.00 3,869 288 

RC-3 C-3 65.69 18,697 14.25 3.869 285 
SA-3 - 8.64 2,669 14.00 533 309 
SA-2 - 12.19 5,600 13.50 730 459 

C-4 
RC-3, 
SA-3, 
SA-2 

86.52 24,519 14.17 5,133 283 

RC-4 - 86.52 23,594 14.75 5,133 273 
SA-1 - 36.05 6,739 15.08 1,821 187 

C-5 RC-4, 
SA-1 122.57 30,100 14.83 6,954 246 

 
4.5.2 – Verification of Results 
The results have been verified against two sources.  First, the gage data at the USGS 
lists an estimated 100-year peak discharge of 35,400 cfs.  The peak discharge and 
drainage area were plotted on Figure 10-21 (Q-100 Data Points and 100-Year Peak 
Discharge Relation for R12) of the ADOT Drainage Manual.  The results from this model 
land well within the scatter and slightly below the regression line.   
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Section 5: Hydraulics 
There was no hydraulic study for this project.  All of the hydraulic sections and 
subsections described within the TDN Manual are omitted. 
 
Section 6: Erosion and Sediment Transport 
There was no erosion and sediment transport study for this project.  All of the erosion 
and sediment transport sections and subsections described within the TDN Manual are 
omitted. 
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Appendix E-1:  References 
 
E-1.1 Data Collection Summary 
No previous studies were obtained. 
 
E-1.2 Referenced Documents 
Arizona Department of Water Resources, 1997, Instructions for organizing and 

submitting technical documentation for flood studies: Flood Mitigation Section. 
 
NBS Lowry Engineers and Planners, and George V. Sabol Consulting Engineers, Inc., 

1993, Highway drainage design manual hydrology, Final report: Arizona 
Department of Transportation. 

 
Pope, G.L., et al, 1996, Statistical summaries of streamflow data and characteristics of 

drainage basins for selected streamflow-gaging stations in Arizona through 
water year 1996: U.S. Geological Survey. 
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Appendix E-2:  General Documentation and Correspondence 
 
E-2.1 Special Problem Reports 
Not applicable 
 
E-2.2 Contact (telephone) reports 
 
E-2.3 Meeting minutes or reports 
 
E-2.4 General Correspondence 
 
E-2.5 Contract Documents  
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Appendix E-3:  Survey Field Notes 
 
E-3.1 Survey Field Notes for Aerial Mapping Control 
Not applicable 
 
E-3.2 Survey Field Notes for Hydrologic Modeling 
Not applicable 
 
E-3.3 Survey Field Notes for Hydraulic Modeling 
Not applicable 
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Appendix E-4:  Hydrologic Analysis Supporting Documentation 
 
E-4.1 Precipitation Data 
 
E-4.2 Physical Parameter Calculations 
 
E-4.3 Hydrograph Routing Data 
 
E-4.4 Reservoir Routing Data 
 
E-4.5 Flow Splits and Diversions Data 
 
E-4.6 Hydrologic Calculations 
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